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In the present work, we have searched the existence of anisotropic and non-singular compact star
in the f(R, T ) gravity by taking into account the non-exotic equation of state (EoS). In order to
obtain the solutions of the matter content of compact object, we assume the well known barotropic
form of EoS that yields the linear relation between pressures and energy density. We propose the
existence of non-exotic compact star which shows the validation of energy conditions and stability
with in the f(R, T ) extended theory of gravity perspective. The linear material correction in the
extended theory the matter content of compact star remarkably able to satisfies energy condition.
We discuss various physical features of compact star and show that proposed model of stellar object
satisfies all regularity conditions and is stable as well as singularity-free.
PACS numbers: 04.40.Nr, 04.20.Jb, 04.20.Dw
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I. INTRODUCTION
Harko et al [1] have proposed the extended theory of gravity so called f(R, T ) by changing the geometrical
part of the Einstein field equations instead of changing the source side by taking a generalized functional form of
the argument to address galactic, extra-galactic, and cosmic dynamics. In this theory, the gravitational terms of
total action is defined by the functional form of f(R) and f(T ). The main aim of this theory is to address some
observational phenomenons such as dark energy [2], dark matter [3], massive pulsars [4] that were hardly explain
by General Relativity (GR). Among the all extended/modified theories of gravity, the f(R, T ) theory attract more
due to it’s unique feature that is non-minimal coupling of matter and geometry [5]. In the recent past, several
applications of f(R, T ) [6–14] have been reported in the literature.
In this paper, we focus ourselves to investigate a non-exotic compact star with in f(R, T ) = R + 2ζT formalism
where ζ being the arbitrary constant. The compact star is a hypothetical dense body that may be black hole or
degenerate star and the pressure inside it is not isotropic. In Astrophysics, the structure and properties of compact
star had been studies by numerous authors in different physical context [15–17]. In 2006, the most significant compact
star has been observed by Rosat Surveys due to their X-rays emission [18]. This means that the gravitational
energy of compact star is radiated through X-rays. A long ago, Hewish et al [19] had investigated the some rapidly
pulsating radio source which is in general the beam of electromagnetic radiation. This discovery inspire physicists
to think about modeling of compact star like neutron star and quark star in framework of general relativity and its
extended form [20–23]. Recently Paul et al [24] have studied the cooling of neutron star including axion emission by
nucleon - nucleon axion bremsstrahlung. It is common understanding that one can not analyze the structure and
properties of compact star by taking into account of equation of state which relate the pressure and energy density
in proportion. In Refs. [25–27], it has been found that the pressure of compact star is anisotropic in nature. In
the recent past, Momeni et al [28] have constructed a model of compact star in Horndeski theory of gravity and
analyzed it in modified theory of gravity. However, our model deals with the singularity-free compact star composed
by non-exotic matter in f(R, T ) theory of gravity and its functional form f(R, T ) = R + 2ζT . In Refs. [6, 29],
some applications of f(R, T ) theory with respect to steller objects are reported. Some other relevant investigations
on different functional forms of extended f(R, T ) theory of gravitation can be observed in following studies [30, 31]
under different physical context. In 2014, Rahaman et al [32] have studied the static Wormhole in f(R) Gravity with
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2Lorentzian distribution which generates two models - one is derived from power law form and second model is based
on assumption of particular shape function which allows the reconstruction of the f(R) theory. Zubair et al [33] have
investigated numerical solutions for different wormhole matter content in the realm of f(R, T ) gravity. Moraes et al
[9] have constructed the model of static Wornhole by applying f(R, T ) formalism.
In the present paper, we are concerned with the singularity-free nonexotic model of compact star with the realm
of functional form of f(R, T ) = R + 2ζT . It is worth to mention that our model is derived from the well known
barotropic equation of state (EoS) in Krori and Barua (KB) space-time [34] that yield the singularity-free solution.
In Ref. [23], the authors have investigated a model of stellar object in the static spherically symmetric space-time
which is probably singular and generate a set of solutions describing the interior of a compact star under f(R, T )
theory of gravity which admits conformal motion whereas the present investigation is one with singularity-free so-
lution. However a common feature of both the investigations is the non-exotic matter configuration in f(R, T ) gravity.
The paper is structured as follows: The basics of f(R, T ) = f(R) + 2ζT formalism are presented in section II.
Section III deals with the the KB metric, solution of field equations and physical behavior of the model. In section
IV, we provide the boundary conditions, which are essential for finding the values of constants. In section V, we
demonstrate the validity of energy conditions, stability and mass -radius relation to show the physical acceptance of
model. In Section VI, we match the model parameters with observation data sets. In section VII, we point out our
results and discuss the future perspectives of the study.
II. THE f(R, T ) = f(R) + 2ζT FORMALISM
The total action for the f(R, T ) theory of gravitation [1] reads
S =
1
4pi
∫
d4xf(R, T )
√−g +
∫
d4xLm
√−g (1)
where R is the Ricci scalar, T is the trace of energy-momentum tensor T ij , g is the metric determinant and Lm is the
matter Lagrangian density.
By varying the total action S with respect to metric gij , we obtain
Rijf
′(R, T )− 12f(R, T )gij +
(
gij ▽i ▽i −▽i▽j
)
f ′(R, T )
= 8piTij − f˙(R, T )θij − f˙(R, T )Tij
(2)
Here, f ′(R, T ) = ∂f
∂R
and f˙(R, T ) = ∂f
∂T
and θij is read as
θij = g
ij ∂Tij
∂gij
(3)
In this paper, we take the more generic form matter Lagrangian as Lm = −ρ [6]. Hence equation (3)leads to
θij = −2Tij − ρgij (4)
Following the proposition of Refs. [1], we assume the functional form of f(R, T ) = f(R) + 2ζT with ζ is constant. In
the literature, this functional form is commonly used to obtain cosmological solution in f(R, T ) theory of gravitation
[7–9].
The equations (2) and (4) lead to
Gij = (8pi + 2ζ)Tij + ζ(2ρ+ T )gij (5)
where Gij is Einstein’s tensor.
III. THE KB METRIC AND FIELD EQUATIONS
The Krori and Barua space-time [34, 35] is read as
ds2 = −eν(r)dt2 + eλ(r)dr2 + r2(dθ2 + sin2θdφ2) (6)
3with λ(r) = Ar2 and ν(r) = Br2 + C having A, B and C are constants.
In this paper, we take an anisotropic fluid satisfying the matter content of stellar object as
Tij = diag(−ρ, pr, pt, pt) (7)
where ρ, pr and pt are the energy density, radial pressure and tangential pressure respectively. Thus the trace of
energy momentum tensor may be expressed as T = −ρ+ pr + 2pt.
The metric (6) and field equation (5) along with equation (7) lead the following equations:
e−λ
(
λ′
r
− 1
r2
)
+
1
r2
= (8pi + ζ)ρ− ζ(pr + 2pt) (8)
e−λ
(
ν′
r
+
1
r2
)
− 1
r2
= ζρ+ (8pi + 3ζ)pr + 2ζpt (9)
e−λ
2
(
ν′
2 − λ′ν′
2
+
ν′ − λ′
r
+ ν′′
)
= ζρ+ ζpr + (8pi + 4ζ)pt (10)
A. Solution of Field Equations & Physical Parameters
To solve the above set of equations for the matter content of compact star, it is useful to invoke the equation of
state (EoS) which gives the relation between energy density and pressure. The most common barotropic forms of EoS
[36] are
pr = αρ (11)
pt = βρ (12)
where α and β are constants having values in the range (0,1).
Now, from metric (6), one may obtain λ′ = 2Ar, ν′ = 2Br and e−λ = e−Ar
2
. Putting these values in equations
(8)−(10) along with the barotropic EoS (11) and (12), we obtain
ρ =
1
[8pi + ζ − ζ(α+ 2β)]
[
exp(−Ar2)
(
2A− 1
r2
)
+
1
r2
]
(13)
pr =
α
[8pi + ζ − ζ(α+ 2β)]
[
exp(−Ar2)
(
2A− 1
r2
)
+
1
r2
]
(14)
pt =
β
[8pi + ζ − ζ(α + 2β)]
[
exp(−Ar2)
(
2A− 1
r2
)
+
1
r2
]
(15)
We observe that the barotropic EoS (11) and (12) are identically satisfied with solutions (13)−(15). Also we note
that the energy density (ρ), radial pressure (pr) and tangential pressure (pt) decrease with r and finally approaches to
a small positive values. The behavior of ρ, pr and pt is graphed in Fig. 2 for physically acceptable values of problem
parameters. Fig. 1 depicts the variation of λ against r.
It is worth to note that dρ
dt
and dpr
dt
are negative which lead the following requirements for our model to be
physically acceptable:
(i) The energy density is positive and its first derivative is negative.
(ii) The radial pressure is positive and radial pressure gradient is negative.
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FIG. 1: Plot of λ versus r.
We also note that at r = 0, the second derivative of energy density as well as radial pressure are negative which
shows that the energy density and radial pressure are maximum at the center of wormhole.
The anisotropic parameter (△) is computed as
△ = 2(β − α)
r[8pi + ζ − ζ(α + 2β)]
[
exp(−Ar2)
(
2A− 1
r2
)
+
1
r2
]
(16)
The anisotropic parameters is equivalent to a force due to the local anisotropy which is directed inward if radial
pressure is greater than the tangential pressure and outward when radial pressure is less than tangential pressure.
From equation (16), we observe that the nature of △ depends on the free parameters α and β. These parameters
are positive constant having values in between 0 and 1 but (β − α) may be positive or negative depending upon the
choice of values of these parameters. Thus the repulsive anisotropic force (△ > 0) will appear when β > α. under
this specification, the compact star allows the construction of more massive distribution [35] that is why we have
taken β > α throughout the all graphical analysis of the model. Fig. 3 shows the variation of △ with respect to r for
different choice of α and β.
IV. BOUNDARY CONDITIONS
The central density is obtained by putting r = 0 in equation (13) i. e.
ρc = ρ(r = 0) =
3A
8pi + ζ(1− α− 2β) (17)
The radial pressure and tangential pressure at center are given by
prc = pr(r = 0) =
3Aα
8pi + ζ(1 − α− 2β) (18)
ptc = pt(r = 0) =
3Aβ
8pi + ζ(1− α− 2β) (19)
At center anisotropy is zero which leads α = β. It is also required that the physical fluids must obey the Zeldovich’s
criterion i. e. prc
ρc
≤ 1. This implies that α = β ≤ 1. This shows the physical constraints on α and β.
The surface density is obtained by putting r = R in equation (13) i.e.
ρ(r = R) =
(
1− 2M
R
) (
2A− 1
R2
)
+ 1
R2
8pi + ζ(1 − α− 2β) (20)
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FIG. 2: Plots of ρ(r) vs r (upper panel), pr(r) vs r (middle panel) and pt(r) vs r (lower panel).
To obtain the boundary condition, we will compare the interior metric to the Schwarzschild exterior at the boundary
r = R which leads the following equations:
1− 2M
R
= eBR
2+C (21)
eAR
2
(
1− 2M
R
)
= 1 (22)
M
R3
= BeBR
2+C (23)
The values of constants A and B are evaluated by choosing the boundary conditions such that pr = 0 at r = R and
ρ = a = constant at r = 0. Thus, solving equations (13), (14) and (21)−(23) along with boundary conditions, we
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FIG. 3: The variation of the force △ due to the local anisotropy against r.
TABLE I: Determination of model parameters A & B for different star candidates
S. N. Stars A B ρ(r = 0)(gm/cm3) p(r = 0)(dyne/cm2)
1. PSRJ 1614-2230 0.00213 0.00128 0.361232 × 1015 2.682920 × 1035
2. PSRJ 1903+327 0.00489 0.00306 0.815675 × 1015 6.058156 × 1035
3. 4U 1820-30 0.00515 0.00321 0.859045 × 1015 6.380260 × 1035
4. VelaX-1 0.00506 0.00322 0.841611 × 1015 6.250785 × 1035
5. 4U 1608-51 0.00541 0.00345 0.899825 × 1015 6.683146 × 1035
obtain
A =
[8pi + ζ(1 − α− 2β)]a
3
=
1
R2
ln
[
1− 2M
R
]−1
(24)
B =
1
2R2
[
e
[8pi+ζ(1−α−2β)]aR2
3 − 1
]
=
M
R3
(
1− 2M
R
)−1
(25)
From Equation (24), it is evident that A is a positive constant and its numerical value can be constraint by the
specific choice of other free parameters namely ζ, α and β. In Refs. [37], Buchdahl has obtained that the maximum
allowable compactness for a fluid sphere is 2M
R
< 8/9. In table 1, we have presented the numerical values of model
parameters A, B, central density and radial pressure for different strange star candidates. In this paper, we have
chosen A = 0.00541 for graphical analysis. Applying Buchdahl criteria for compactness in equation (24), the chosen
value of A gives R = 9.3749 (see Table 2) which is very close to observed value of R [38].
V. PHYSICAL CONSEQUENCES OF MODEL UNDER f(R, T ) GRAVITY
A. Validity of energy conditions
In this section, we check the validity of energy conditions namely null energy condition (NEC), weak energy condition
(WEC), dominant energy condition (DEC) and strong energy condition (SEC) for the proposed compact star. The
violation of energy conditions lead the possible cause of existence of exotic matter in compact star. In Refs. [39], the
EMT violates the NEC at the center (r = 0).
(i)NEC: ρ ≥ 0
(ii)WEC: ρ+ pr ≥ 0 and ρ+ pt ≥ 0
(iii)DEC: ρ− pr ≥ 0 and ρ− pt ≥ 0
(iv) SEC: ρ+ pr ≥ 0 and ρ+ pr + 2pt ≥ 0
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FIG. 4: Validation of energy conditions of singularity-free compact star
8TABLE II: Comparision of estimated value of model parameters with observed data sets.
S. N. Compact star MObs (M⊙) Radii (r⊙) ζ MEsti ZObs ZEsti
1. PSRJ 1614-2230 1.97± 0.04 [44] 13± 2 6 1.973 0.344793 0.345475
2. PSRJ 1903+327 1.667 ± 0.02 [46] 9.438 ± 0.03 4 1.686 0.444945 0.407709
3. 4U 1820-30 1.58± 0.06 [45] 9.1± 0.4 4 1.592 0.431786 0.393753
4. VelaX-1 1.77± 0.08 [46] 9.56 ± 0.08 3.65 1.814 0.484428 0.441777
5. 4U 1608-51 1.74± 0.14 [38] 9.3± 1.0 3.65 1.739 0.493929 0.489662
From Fig. 4 below, we observe that the all energy conditions valid for radial pressure as well as tangential
pressure with certain range of D. So the compact star presented in this paper is composed of non-exotic matter.
Moraes and Sahoo [6] have also constructed the model of wormholes composed by non-exotic matter in the trace of
energy momentum-tensor squared gravity. Further it is interesting to note that we may avoid the presence of exotic
matter in the framework of f(R, T ) gravity and hence no candidate of dark energy/matter is required to explain the
accelerating feature of universe as reported in Refs. [5, 6].
The value of A is constraint by employing the energy condition at the center. i.e.
(i)NEC: (ρ)0 ≥ 0 ⇒ A ≥ 0
(ii)WEC: (ρ)0 + (pr)0 ≥ 0 and (ρ)0 + (pt)0 ≥ 0 ⇒ A+ αA ≥ 0 &A+ βA ≥ 0
(iii)DEC: (ρ)0 − (pr)0 ≥ 0 and (ρ)0 − (pt)0 ≥ 0 ⇒ A− αA ≥ 0 &A− βA ≥ 0
(iv) SEC: (ρ)0 + (pr)0 ≥ 0 and (ρ)0 + (pr)0 + 2(pt)0 ≥ 0 ⇒ A+ αA ≥ 0 &A+ (α+ 2βA) ≥ 0
In general theory of relativity, the stellar objects with violations of energy conditions are common. So, there
are variety of toy models of stellar objects in which the matter source is in the form of Chaplygin gas [40].
But in this paper, we have constructed the model of compact star with in the f(R, T ) formalism that validate
all energy conditions and thus represents a viable model of compact star. The value of A is restricted by equation (24).
B. Stability
For Physically acceptable model, the velocity of sound should be less than the velocity of light i.e. 0 ≤ vs ≤ 1.
v2sr =
dpr
dρ
= α (26)
v2st =
dpt
dρ
= β (27)
Since both α and β lie in between 0 and 1 (0 ≤ α ≤ 1; 0 ≤ β ≤ 1) which implies that velocity of sound is less than
1. Thus our solution validate the existence of physically viable compact star with in the specification of alternative
theory of gravity.
Equations (26) and (27) lead to
| v2st − v2sr |=| β − α |≤ 1 (28)
From equation (28), the stability of compact star depends upon the free parameter α and β. According to Herrera
[41], the region of stellar object in which the radial speed of sound is greater than the transverse speed of sound, is
a potentially stable region. Thus, by imposing restriction on the values of α and β, one may check the stability of
derived model.
C. Adiabatic index
The adiabatic index is read as
Γ =
(
ρ+ pr
pr
)
dpr
dρ
= 1 + α (29)
9FIG. 5: Profile of Mass versus Radius.
FIG. 6: Profile of Γ versus r.
For stable configuration Γ should be greater than 1.33 with in the isotropic stellar system. Note that Γ = 1.33 is the
critical value as reported in Refs. [42, 43]. Equation (29) gives clue to choose the value of free parameter α. For
stable configuration, we have to choose α ≥ 0.33 that is why in this paper, we have choosen α = 0.4 for graphical (
see fig. 6) and numerical analysis of the model.
D. Mass-radius relation
In our model, the gravitational mass m(r) in terms of radius r is expressed as
m(r) =
∫ r
0
4pir2ρdr =
4pir[exp(−Ar2)(2Ar2 − 1) + 1]
8pi + ζ − ζ(α+ 2β) (30)
The profile of mass function m(r) with respect to radius r for different values of ζ is shown in Fig. 5.
At r = R, the gravitational mass is read as
m(r)r=R =
4pir[(2AR2 − 1) (1− 2M
R
)
+ 1]
8pi + ζ − ζ(α + 2β) (31)
10
FIG. 7: Profile of u(r) versus r.
FIG. 8: Profile of Z(r) versus r.
E. Compactness and red-shift
The compactness of star (u(r)) is read as
u(r) =
m(r)
r
=
4pi[exp(−Ar2)(2Ar2 − 1) + 1]
8pi + ζ − ζ(α+ 2β) (32)
The profile of compactness of star with respect to r is graphed in Figure 7.
Therefore, the red-shift function Z(r) is computed as
Z(r) = (1− 2u)− 12 − 1 =
[
1− 8pi[exp(−Ar
2)(2Ar2 − 1) + 1]
8pi + ζ − ζ(α + 2β)
]− 12
− 1 (33)
The profile of red-shift function with respect to r is depicted in Figure 8.
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VI. PHYSICAL VALIDITY OF MODEL
In this subsection, we match the similarity of physical parameters of derived model with their observational values
for certain choice of ζ. By using the observational data sets for mass (M⊙) and radii (r⊙), we carry out a comparative
study of estimated mass (MEsti), observed red-shift (ZObs) of derived model with observed mass and red-shift of
different stars namely PSRJ1614-2230, PSRJ1903+327, 4U1820-30, VelaX-1 and 4U1608-52 and the results are listed
in Table 2. From Table 2, we observe that the derived model is very close to 4U 1608051 and PSRJ 1614-2230 for
ζ = 3.65 and ζ = 6 respectively. Note that all the figures have been graphed for ζ = 3.65.
VII. RESULT AND DISCUSSION
We have constructed, in the present paper, a singularity-free anisotropic compact star in the framework of
f(R, T ) gravity. The exact and singularity-free solution of gravitationally collapsing system is obtained by taking
into account the well known equations of state which give the relation between energy density and pressure. The
energy density, radial pressure and tangential pressure are decreasing function of r. At the center of compact
star, ρ, pr and pt have certain fixed values which satisfy the relations ∼ (pr)0 = α(ρ)0 and (pt)0 = β(ρ)0. The
behavior of anisotropic parameter has been graphed in Fig. 3 for the two different choice of α and β. Indeed, the
anisotropy in stellar object representing a force which will directed outward when pt > pr and inward if pt > pr
which allow the construction of more or less massive distribution respectively [35]. From Table 1, we observe that
the estimated mass of derived compact star is good agreement with observed mass data sets. [38, 44–46]. In general,
our solution validate all the energy conditions throughout the stellar region of compact star. The validation of
energy conditions can be check by the Fig. 4 above, which is graphed by taking A = 0.025. Equation (28) exhibits
the stability criteria of compact star which shows that the particular choice of α and β will generates the stable
compact star. Let us now concentrate on the some other models of stellar objects with in f(R, T ) formalism,
especially the work by Moraes and Sahoo [6] and Das et al [47]. In Refs. [47], authors have proposed unique
model of stellar object in f(R, T ) theory of gravity and show that the gravastar is a viable alternative of black hole.
It is worth to note that mechanism of obtaining solution is entirely different from the mechanism adopted in Refs. [23].
As a final comment, we note that the present study represents the model of non-exotic compact star which validate
the SEC as well as other energy conditions in the stellar region of compact star as a significance of extra-term of
the f(R, T ) theory namely ζT . The T-dependence of the f(R, T ) theory may characterize in describing the physical
facts, which is missing in general theory of relativity. In our previous work [35], we have investigated a singularity
free dark energy star which contains an anisotropic matter that is confined within the certain radius from from center
while in the present work, we propose a model of singularity free non exotic compact star with aid of f(R, T ) theory
of gravitation. In future, one can check the viability of such solution under the specification of other valuable func-
tional forms of f(R, T ) such as f(R, T ) = R+ζRT and f(R, T ) = R+ζR2+λT where ζ and λ are arbitrary constants.
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